Highlight: Grazing by yearling steers -in a sagebrush-bluebunch wheatgrass community resulted in a reduction of growth and reproductive performance of the most important forage grass. Cusick's bluegrass was sparsely represented, but it was the most palatable and nutritious grass. It also showed the large reductions in growth of leaves and reproductive performance. Bluebunch wheatgrass and Thurber's needlegrass were not as adversely affected by grazing as Cusick's bluegrass.
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Quantitative information concerning the effects of grazing by cattle on important range forage plants is needed for successful long-term use of western rangelands. For a given species of plant, controlled grazing may actually improve the quantity and nutritional quality of available forage; however, undesirable effects, such as reduction of growth and reproductive vigor, may occur. If palatable forage plants are weakened by excessive grazing, they are likely to be replaced by aggressive, less palatable species.
The influences of grazing on aboveground herbage have often been simulated by hand-clipping and the results extrapolated to usage by grazing animals. Recent literature reviews co n cerning grazing and clipping impacts are presented by Ellison (1960) and Jameson (1963) . Bluebunch wheatgrass
(Agropyron spicatum),
an important forage on western rangelands, has been investigated by several workers: Stoddart (1946) , Blaisdell and Pechanec (1949) , Heady (1950) , Branson (1956) , Wilson et al. (1966) , and Mueggler (1972) (Daubenmire, 1970) . Texturally, the soil is a silt loam with very few stones in the upper meter of the soil profile. October to May precipitation averaged 23 cm over the past 3 years. Prior to the initiation of the studies reported here, there had been little or no cattle grazing since 1943.
Four adjoining pastures, each 9 hectares in area, were established within a homogenous plant community with a long history of no grazing (Fig. 1) . The pastures were similar in slope, exposure, elevation, soil type, and chemical properties, and were exposed to the same weather conditions (Rickard et al., 1972 ). An old, unused dirt road and several water-washed gullies up to a meter in depth and several meters wide are present but occupy only a small part of the area.
Two pastures were enclosed with a four-strand barbed wire fence with a common watering tank placed between them; the two adjoining pastures were not fenced, although steel fence posts were installed at the same S-meter spacing to facilitate locating sampling plots within pastures. In April, 1971, 15 yearling steers were used as a grazing stress within the fenced pastures. The grazing season lasted for 58 days, alternating between pastures at weekly intervals. In 1972 the same stocking rate and alternate weekly use of pastures was maintained for 41 days. In 1973 grazing was excluded from one fenced pasture which hereafter is referred to as the grazing-release pasture. Steers were removed when it was visually estimated that about half of the new growth of bluebunch wheatgrass had been removed.
Sampling Design
Pre-treatment harvests were made on all four pastures in the early spring of 1971 for species composition and plant biomass. Sampling was distributed over 9 hectares in each pasture-using 6 replicated areas each 15 X 30 meters, randomly selected within each pasture (Rickard et al., 1972) . Harvest plots, 0.5 m2, were also selected at random from within each replicate. In 1973 one previously grazed pasture was not grazed and the performance 0 f vegetation was compared to its adjacent ungrazed control area.
In consisted of hand clipping 32 circular plots at 3-week intervals throughout the spring growing season in control and grazing-release pastures. As the growing season progressed, it was apparent that measurements other than live biomass would be needed to adequately describe the impact of past grazing. Individual grass clumps were selected by species and measured for length of leaves and flowering culms, length of the flowering spike, the number of flowering culms, and clump area (length X width). Two randomly chosen points were made in each replicate, and a 2 m2 circular hoop was laid down tangent to a point. A maximum of six clumps of bluebunch wheatgrass in each circIe was chosen for measurements. If more than six clumps wore encircled, clumps were selected at random. Cusick's bluegrass (Poa cusickii) and T hurber's needlegrass (Stipa thurberiana) were sparsely scattered over the pastures. The first six clumps encountered within each replicate and the immediate area were chosen for measurements. A single clump of each of the three species from each replicate was clipped at ground level for chemical analysis.
It was not practical in terms of time and effort to measure the myriad of leaves in each clump; therefore, leaf length measurements were made at systematic intervals around the margin of each crown and in the crown interior until twelve leaves were measured.
Live biomass was hand separated from dead material for each species and weighed separately from the crown tissues. Three p e r ennial bunchgrasses provided essentially all of the herbaceous forage for cattle. These were Cusick's bluegrass, Thurber's needlegrass, and bluebunch wheatgrass (Table 2) . Although ubiquitously distributed, Sandberg bluegrass provided little forage for cattle. The standing dead herbage associated with these three perennial grasses was reduced by approximately 50% in the grazing-release pasture (Table 2) .
Biomass yields for bluebunch were compared to the control and release pastures by harvest dates using t-tests (Snedecor and Cochran, 1967) . The two-tailed probability values obtained from the t-tests were subjected to a combination of t-tests (Winer, 1962 ) to obtain a single statistic. The probability values were treated as a Chi-square distribution. Throughout the growing season, biomass on the control pasture was higher ((u <_ 0.05) than on the release pasture.
for Cusick's bluegrass.
Leaf length measurements showed that bluebunch wheatgrass, Cusick's bluegrass, and Thurber's needlegrass produced shorter leaves and/or flowering culms on the release pasture (Table 3) . C usick's bluegrass showed the most pronounced response to grazing with an average reduction of 39% for leaf length and 20% for the length of flowering culms. Grazing stress reduced average leaf length 21% in Thurber's needlegrass, while the length of flowering culms decreased by 8%. Average leaf lengths of bluebunch wheatgrass were reduced 18% by past grazing stress, and the length of flowering culms reduced 15%. All differences were significant at the (Y = 0.01 level. Spike length of bluebunch wheatgrass and Thurber's needlegrass was not affected by past grazing stresses. Measurements were not made Grazing reduced the number of flowering culms produced by individual clumps of Cusick's bluegrass dramatically, i.e., 23 flowering culms as compared to only three on the grazing-release pasture (Table 4 ). The number of flowering culms per clump on the grazing-release pasture would probably have been fewer if some clumps had not been provided a measure of protection from grazing by the stiff branches of sagebrush. Some clumps of Cusick's bluegrass in the ungrazed pasture did not produce flowering culms; nevertheless, the number of clumps that did not produce flowering culms was lower in the pasture with the grazing history (ar = 0.01). The percentage of bluebunch wheatgrass and Thurber's needlegrass bearing flowering culms was about the same in control and grazing-release pastures. A reduction of flowering culms per clump occurred for these two species of plants but was less pronounced than with Cusick's bluegrass.
Among the three species of grasses, only bluebunch wheatgrass showed a significant impact due to grazing on basal area. A reduction of 26% in basal area occurred, with no significant decreases occurring for the other two species of plants (Table 3) .
Chemical feed analyses showed that Stoddart (1946) , Blaisdell and Pechanec (1949) Wilson et al. (1966), and Mueggler (1972) . Dramatic responses to clipping have been reported. Wilson et al. (1966) reported a 70% decrease in herbage production of bluebunch wheatgrass following three consecutive years of ground-level clipping.
Clipping studies do not necessarily simulate the ways in which grazing animals treat the plants they eat, especially if the animals have a chance to select many species and plant parts over a large grazing area. Although conducted over a short period of time, the studies presented here represent stresses imposed by grazing cattle under realistic grazing conditions and moderate stocking rates. It also appears that many years of moderate grazing will be needed before pronounced shifts in species composition and abundance would be noticed.
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